Having a fever, abnormal auscultation/retractions or being assessed as unwell by the healthcare professional increased the likelihood of being diagnosed with pneumonia at least fivefold. Few patients had a chest X-ray before being diagnosed with pneumonia. Even a slightly elevated CRP (11 mg/L) was associated with being diagnosed with pneumonia.
Introduction
Antimicrobial resistance is one of the greatest threats to global public health and the World Health Organisation warns against a return to a pre-antibiotic era [1] . Higher prevalence of resistance among human pathogens increases the risk of uncontainable infections, prolonged illness and hospital stay, increased mortality, and consequently increased health care costs [2] . Antibiotic use is the main driver of antibiotic resistance, why addressing the excessive and inappropriate use of antibiotics is essential [3] . In Denmark, general practice accounts for about 75% of the total human antibiotic consumption [4] . Acute lower respiratory tract infections (LRTIs) are among the most common infections managed in Danish general practice [5] , with pneumonia being a common indication for antibiotic prescriptions [6] .
According to Danish and international recommendations, patients with suspected pneumonia should, in general, be treated with antibiotics [5] . Contrary, acute bronchitis is most often considered a viral infection and thus most patients will not benefit from antibiotic treatment [5] . However, it can be difficult to differentiate pneumonia from other LRTIs by means of symptoms and signs [7] , and the point-of-care test (POCT) named C-reactive protein (CRP) has been used since 1999 in Danish general practice [8] . Evidence exists that CRP-testing can reduce antibiotic prescribing for acute respiratory tract infections [9] and many guidelines recommend CRP-testing in patients presenting with symptoms of an acute LRTI [5, 10] . However, as CRP is a non-specific marker of inflammation, it is challenging to set a specific cut-off value for treatment with antibiotics. Also, imaging can be used as a supportive diagnostic tool for diagnosing pneumonia, with chest X-ray being the most commonly used. However, diagnostic imaging is far from always used in patients suspected for pneumonia due to low availability, high radiation dose, and high costs. In summary, a great deal of diagnostic uncertainty exists when dealing with patients with acute LRTIs in general practice and this may lead to too many people being diagnosed with pneumonia and thus resulting in inappropriate use of antibiotics [11] .
This study aimed to describe differences in reported symptoms, findings and management of patients diagnosed with either acute bronchitis or pneumonia in general practice, and to explore possible associations between the symptoms, findings, and CRP level and being diagnosed with pneumonia.
Methods

Setting
This prospective, cross-sectional study is part of a larger quality improvement project with the overall aim of improving diagnosis and treatment of acute respiratory tract infections in Danish general practice. Both GPs and practice nurses were asked to participate in the project, as many patients with acute minor illnesses, such as acute respiratory tract infections, are taken care of by a practice nurse in Danish general practice. The participating general practices originated from three Danish Regions. During winter 2017, general practices in the North Denmark Region and the Region of Southern Denmark registered all patients presenting with symptoms of an acute respiratory tract infection for 20 days. In winter 2018, general practices in the Central Denmark Region performed the registrations. Only patients who consulted the practice for the first time for the current infection were included. Home visits and telephone consultations were not included. Registration was performed according to the Audit Project Odense (APO) method, using a registration chart with 42 items [12] (Supplementary Material). All symptoms and findings were simply listed in the registration chart, with no specific definitions provided. However, all participating healthcare professionals, i.e. general practitioners and practice nurses, were provided with a guide instructing them on how to fill in the registration chart and specifying that the diagnoses given should be based on the International Classification of Primary Care (ICPC-2). It was recommended to perform the registration during or immediately after each consultation.
Ethics
All general practitioners and practice nurses consented to the study. Only anonymised patient data were obtained and ethics approval was not indicated according to Danish law. The project is registered at the University of Southern Denmark, Denmark (ID SDU 10.169).
Subjects
In total, 8232 patients with acute respiratory tract infection were registered. However, only patients diagnosed with either acute bronchitis (ICPC-2 code R81) or pneumonia (ICPC-2 code R78) comprise the study population for the present study. No formal diagnostic criteria had to be met and the diagnosis given was solely based on the clinical judgement of the participating healthcare professional. Patients diagnosed with exacerbation of chronic obstructive pulmonary disease (ICPC-2 codes R95, R79) was not included in the analysis (n ¼ 197).
Data
The general practitioners/practice nurses were asked to tick off if any of the following symptoms and findings were registered: fever (>38.5 C), cough, dyspnoea, increased purulent sputum, abnormal pulmonary auscultation/chest retractions, and if the healthcare professional deemed the patient unwell or as a weakened/multimorbid patient. Also, it was registered if a CRP test (including the value in mg/L) and/ or a chest X-ray was performed, and if any antibiotic treatment was provided (Supplementary Material).
In addition, a short questionnaire focussing on practice characteristics and personal information was completed by each of the participating general practitioners and practice nurses.
Statistical analysis
Categorical variables were presented as numbers and percentages, and metric variables were presented as medians and percentiles. Pearson's chi-square test was applied with a 5% significant level to test for independence. Multiple logistic regressions were performed to analyse the association between the symptoms, findings, and CRP values and being diagnosed with pneumonia. The odds ratios (OR) of being diagnosed with pneumonia were adjusted for possible confounders (gender, age and weakened/multimorbid patient). As effect modification was suspected, interactions between the various symptoms were tested. In the descriptive statistics missing values are reported in the respective tables and pairwise deletion was used in the logistic regressions.
All statistical analyses were conducted using SPSS Statistics 25 [13] .
Results
Baseline characteristics of subjects
In total, 70 general practices agreed to participate. Table 1 demonstrates the characteristics of the 158 general practitioners and 56 practice nurses managing patients diagnosed with either acute bronchitis or pneumonia. Compared to the total population of Danish GPs, the participating GPs were more likely to be female, to be younger, and to work in partnership practices [14] . Participating nurses were older than the national average age for nurses [15] .
A total of 1384 patients were diagnosed with an acute LRTI, of which 50.5% were diagnosed with acute bronchitis and 49.5% with pneumonia ( Table 2) . Most patients were adults, and slightly more female patients were registered. More children (5 years) were diagnosed with acute bronchitis than pneumonia. Contrary, elderly patients (>65 years) were more commonly diagnosed with pneumonia than acute bronchitis.
Management of patients with acute bronchitis or pneumonia
The most frequently reported symptoms among patients diagnosed with acute bronchitis or pneumonia were cough, fever, dyspnoea, and increased purulent sputum ( Table 3 ). Patients diagnosed with pneumonia were more often reported with a fever, dyspnoea, and increased purulent sputum, respectively, than those diagnosed with acute bronchitis. Also, patients diagnosed with pneumonia were more often reported with abnormal pulmonary auscultation/ chest retractions and were more often assessed as unwell by the healthcare professional than those diagnosed with acute bronchitis.
Very few patients had a chest X-ray. However, most patients had a CRP test performed (pneumonia: 83.1%; acute bronchitis: 71.4%). Overall a difference in the distribution of CRP level groups (10, (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) , 50 mg/L) between those diagnosed with acute bronchitis and pneumonia was observed (v 2 ¼335.1, p < 0.001) (Data not shown). Most patients diagnosed with pneumonia had a CRP above 26 mg/L, while most patients diagnosed with acute bronchitis had a CRP below 25 mg/L. Differences between CRP level groups (10, (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) , 50 mg/L) for those diagnosed with acute bronchitis and pneumonia, respectively, are described in Table 3 . Antibiotics were prescribed for almost all patients diagnosed with pneumonia (93%) and about one fifth of patients diagnosed with acute bronchitis. Phenoxymethylpenicillin was the most commonly prescribed antibiotic, which is in accordance with Danish guidelines.
Patients diagnosed with pneumonia
The symptoms fever, dyspnoea, and increased purulent sputum, and the findings of abnormal pulmonary auscultation/chest retractions and being assessed as unwell were all positively associated with being diagnosed with pneumonia compared to acute bronchitis (Table  4 ). When patients reported/presented with fever they were almost five times more likely to be diagnosed with pneumonia (odds ratio (OR) ¼ 4.6; 95% confidence interval (CI) 3.6-5.9). Fever was found to cause-effect modification increasing the association between reporting the symptoms dyspnoea and increased purulent sputum and being diagnosed with pneumonia (data not shown). Also, the higher number of symptoms, the more likely patients were diagnosed with pneumonia (two symptoms: OR ¼ 2.5; 95% CI 1.9-3.3; three symptoms: OR ¼ 4.7; 95% CI 3.4-6.6; four symptoms: OR ¼ 13.6; 95% CI 6.6-27.7) (data not shown).
The likelihood of being diagnosed with pneumonia increased with increasing CRP level (Table 4 ).
Discussion
Main findings
Patients diagnosed with pneumonia were more often reported as having a fever, dyspnoea, increased purulent sputum, abnormal pulmonary auscultation/chest retractions, and were more often assessed generally unwell by the healthcare professional, than those diagnosed with acute bronchitis. Having a fever, abnormal pulmonary auscultation/chest retractions or being valued as unwell increased the likelihood of being diagnosed with pneumonia at least fivefold. Very few patients presenting with symptoms of an acute LRTI had a chest X-ray performed. Contrary, most patients had a CRP test performed, and even a slightly elevated CRP test (11 mg/L) was positively associated with being diagnosed with pneumonia.
Strengths and limitations
Projects based on the APO-method have been carried out in Danish general practices since 1989 and on very diverse issues like treatment of hypertension, preventive home visits and acute respiratory tract infections [16] [17] [18] . However, some limitations have to be kept in mind when interpreting the results of this study. First, it is voluntary to participate in APO audits and one can argue that the results do not necessarily reflect the average management of patients with LRTIs in Danish general practices. The participants may have been more interested in quality development and in the topic being investigated than health care professionals in general [19] , which could have prompted increased awareness of evidence-based management of patients with LRTIs.
Second, a registration chart with predefined variables was used in this study and it is not possible to explore the accuracy of the reported symptoms or the diagnosis given. For example, the variables 'abnormal pulmonary auscultation/chest retractions' and weakened/multimorbid patient included two findings, which makes it impossible to know which one of the findings patients actually presented with, or even if they presented with both findings. Also, fever (temperature >38.5 C) was registered for 63.5% and 34.2% of patients diagnosed with pneumonia and acute bronchitis, respectively. However, it is not possible to identify when an exact temperature was measured and when the presence of fever was solely based on a subjective assessment of either the patient or the health care professional.
Also, the risk of missing valuable information (symptoms and findings not included in the chart) needs to be mentioned. However, a major strength of using these simple registration charts is the opportunity to easily perform the registration during the consultation, which enables GPs and practice nurses to work according to their usual routine [20] .
Finally, it is well known that health care professionals often first decide if antibiotic treatment is indicated or notand then subsequently label the patient with the most suitable diagnosis. As Howie [21] stated back in 1972 'There are occasions when the diagnostic label attached to consultation is a rationalisation of the management decision made, rather than the determinant of it.' Consequently, when interpreting the results from this study one has to keep in mind that we can only report on 'a picture' of the management of patients diagnosed with either acute bronchitis or pneumonia in Danish general practices, and not necessarily report on the correctness of the diagnoses given.
Interpretation of the study results in relation to existing literature
In accordance with other studies, we found a large overlap of symptoms in patients diagnosed with either acute bronchitis or pneumonia [22] . Also, previously conducted research has demonstrated that both fever and dyspnoea are associated with being diagnosed with pneumonia [11, 22] . Importantly, we found that reported fever was found to cause-effect modification of the symptoms dyspnoea and increased purulent sputum. Thus, the best way to describe which symptoms precede the diagnosis of pneumonia is probably not to report a single symptom but to report on a combination of these symptoms.
Being assessed as unwell by the attending healthcare professional was positively associated with being diagnosed with pneumonia. The assessment of patients' general condition is difficult to define and this subjective assessment has not previously been described in the international literature in relation to the management of patients with acute LRTI. Importantly, we report on the healthcare professionals clinical impression of the patient's condition, as it was left entirely to the participating GPs and nurses to deem if the patient was unwell.
There is good evidence that most patients with acute bronchitis do not benefit from antibiotic treatment [23] . Still, in this Danish study, about one-fifth of patients diagnosed with acute bronchitis were treated with antibiotics. Several other studies have demonstrated even higher prescribing rates, with 85% in a recent Australian study and 71% in a study from the United States [24, 25] .
As many as 83.1% of patients diagnosed with pneumonia and 71.4% of the patients diagnosed with acute bronchitis had a CRP test performed. In previous studies, the use of CRP tests has been shown to improve the diagnosis of pneumonia [22, 26] . However, CRP testing has a low validity for diagnosing pneumonia compared to a chest X-ray, and there is no agreement about where to set the cut-off point [27] . Previous studies have demonstrated that a combination of symptoms, signs, and CRP have high diagnostic value in detecting and mainly ruling out pneumonia [7] . Contrary, two reviews conclude that CRP testing has no clear diagnostic value in primary care [27, 28] . Nevertheless, Falk et al. [28] state that when a doctor is in doubt about the presence of pneumonia, a CRP test can be helpful in ruling out disease. However, one can speculate if the CRP test is used too extensively in Danish general practice, as even a very low cut-off (>11 mg/L) was associated with being diagnosed with pneumonia. A large number of CRP tests performed in this present study perhaps represent a strategy to curb with the diagnostic uncertainty [29] .
Implications for clinical practice and future research
The emerging threat of antimicrobial resistance is real. Consequently, it is crucial to reduce the diagnostic misclassification of patients with LRTIs to minimise the use of antibiotics as much as possible. This study demonstrated a high use of CRP tests, and moreover, an elevated CRP level was strongly associated with being diagnosed with pneumonia. However, it can be questioned whether the use of CRP tests eliminates the diagnostic uncertainty. Future research should focus on testing other diagnostic tools, or optimising already existing ones, for improving the diagnosis and treatment of patients with LRTIs in general practice.
Conclusion
Danish healthcare professionals are highly influenced by symptoms, signs and CRP tests when diagnosing patients with acute LRTIs in general practice.
